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©  Method  and  apparatus  for  adapting  gasoline  fuel  burning  engine  to  also  burn  a  gaseous  fuel. 

A  self  regulating  and  balancing  gas  valve  (32)  is  located 
in  a  fuel  supply  line  (28)  between  a  gaseous  fuel  storage 
container  (26)  and  the  intake  manifold  (29)  of  a  fuel  burning 
engine.  The  valve  includes  a  diaphragm  (30)  which  defines 
one  wall  of  a  chamber  into  which  a  gas  inlet  leads  out  from 
which  a  gas  outlet  leads.  An  accelerator  pedal  controlled 
valve  (78)  is  positioned  in  the  outlet,  for  controlling  suction 
and  the  flow  rate  of  gaseous  fuel  from  the  chamber  in 
response  to  the  position  of  the  accelerator  pedal.  An  inlet 
valve  means  (60)  is  provided  to  control  the  flow  of  gaseous 
fuel  through  the  inlet  into  the  chamber.  This  valve  means 
includes  a  control  means  interconnected  between  the  di- 
aphragm  and  the  inlet  valve  means,  operable  to  open  or 
increase  the  size  of  the  inlet  in  response  to  inward  movement 
of  the  diaphragm  and  to  decrease  or  close  the  inlet  in 
response  to  outward  movement  of  the  diaphragm.  The 
metered  gaseous  fuel  is  delivered  into  the  intake  manifold 
closely  adjacent  to  where  the  fuel  mixture  from  the  gasoline 
carburator  discharges  into  the  manifold.  The  gaseous  fuel 
contacts  incoming  air  at  this  location  and  mixes  with  it  in  the 
intake  manifold. 





F i e l d   Of  The  I n v e n t i o n  

T h i s   i n v e n t i o n - r e l a t e s   to   a  m e t h o d   and  a p p a r a t u s  

f o r   e c o n o m i c a l l y   p e r m i t t i n g   g a s o l i n e   f u e l   b u r n i n g  

e n g i n e s   to  a l s o   b u r n   a  g a s e o u s   f u e l .  

B a c k g r o u n d   Of  The  I n v e n t i o n  

V a r i o u s   s y s t e m s   a r e   known  f o r   a d a p t i n g   g a s o l i n e  

f u e l   b u r n i n g   e n g i n e s   to   a l s o   r u n   on  c o m p r e s s e d   o r  

l i q u i f i e d   g a s e o u s   f u e l s ,   s u c h   as  p r o p a n e   or   t h e   l i k e .  

H o w e v e r ,   t h e   known  s y s t e m s   r e q u i r e   e x p e n s i v e   c h a n g e s  

in  t h e   e x i s t i n g   c a r b u r e t i o n   and  a c c e l e r a t i o n   s y s t e m s  

of  t h e   v e h i c l e .   A  p r i n c i p a l   o b j e c t   of  t he   p r e s e n t  

i n v e n t i o n   i s   to   p r o v i d e   a  m e t h o d   and  a p p a r a t u s   f o r  

a d a p t i n g   g a s o l i n e   e n g i n e s   to  a l s o   b u r n   g a s e o u s   f u e l ,  

b u t   in   a  q u i t e   s i m p l e   and  i n e x p e n s i v e   m a n n e r .   T h e  

g a s e o u s   f u e l   i n j e c t i o n   s y s t e m   of   t h i s   i n v e n t i o n   d o e s  

n o t   i n c l u d e   a  c a r b u r a t o r   b u t   r a t h e r   i n s t e a d   c o m p r i s e s  

a  s e l f   r e g u l a t i n g   and  b a l a n c i n g   v a l v e   w h i c h   i s   a d a p t e d  

to  be  o p e r a t e d   by  t h e   same  m e c h a n i c a l   l i n k a g e   w h i c h  

o p e r a t e s   t h e   l i q u i d   f u e l   s u p p l y   when  the   v e h i c l e   i s  

o p e r a t e d   on  g a s o l i n e .  



A p p l i c a n t   has   r e a l i z e d   t h a t   t h e   o n l y   c o m m o n  

d e n o m i n a t o r   b e t w e e n   s p a r k   p l u g   e q u i p p e d   i n t e r n a l  

c o m b u s t i o n   e n g i n e s   i s   t h e   f a c t   t h a t   t h e   o p e r a t i o n   o f  

e a c h   u t i l i z e s   t h e   n e g a t i v e   p r e s s u r e   or   v a c u u m   w h i c h  

e x i s t s   in   t h e   i n t a k e   m a n i f o l d   of   t h e   e n g i n e .   T h i s  

r e a l i z a t i o n   l e d   to   t h e   d e v e l o p m e n t   of   a  g a s e o u s   f u e l  

i n j e c t i o n   s y s t e m   w h i c h   i s   c a p a b l e   of   d e l i v e r i n g   g a s e o u s  

f u e l   to   t h e   i n t a k e   m a n i f o l d   o f   t h e   e n g i n e   w i t h o u t   t h e  

need   of  a  c a r b u r a t o r .   The  e l i m i n a t i o n   of   a  c a r b u r a t o r  

a l s o   e l i m i n a t e d   t he   n e e d   f o r   t h e   e x t e n s i v e   and  e x p e n s i v e  

c h a n g e s   w h i c h   c h a r a c t e r i z e   t h e   known  s y s t e m s   f o r   a d a p t -  

ing   g a s o l i n e   e n g i n e s   t o   a l s o   u s e   a  g a s e o u s   f u e l .  



D e s c r i p t i o n   Of  The  I l l u s t r a t e d   E m b o d i m e n t  

0 

R e f e r r i n g   to   t h e   d r a w i n g ,   a  c o n v e n t i o n a l   g a s o l i n e  

f u e l   s y s t e m   is   s c h e m a t i c a l l y   shown  t o   i n c l u d e   a  f u e l  

t a n k   10,  a  c a r b u r a t o r   12,  and  a  f u e l   s u p p l y   l i n e   14 

l e a d i n g   f r o m   t h e   t a n k   10  to   t h e   f u e l   i n l e t   of  t h e  

c a r b u r a t o r   12.  L i n e   14  i n c l u d e s   a  f u e l   pump  16  and  i n  

a c c o r d a n c e   w i t h   an  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

a l s o   p r o v i d e d   w i t h   an  o f f - o n   v a l v e   18.  C a r b u r a t o r   12  

i n c l u d e s   an  a c c e l e r a t o r   p e d a l   o p e r a t e d   v a l v e   20  and  a n  

a i r   i n l e t   22.  The  o u t l e t   of  t h e   c a r b u r a t o r   1 2  i s  

c o n n e c t e d   t o   t h e   i n t a k e   m a n i f o l d   24  o f   an  i n t e r n a l  

c o m b u s t i o n   e n g i n e .  

The  g a s e o u s   f u e l   s y s t e m   of  t h e   p r e s e n t   i n v e n t i o n  

c o m p r i s e s   a  g a s e o u s   f u e l   s t o r a g e   t a n k   26,  a  g a s e o u s  

f u e l   s u p p l y   l i n e   28  l e a d i n g   f rom  t h e   t a n k   26  to  a n  

i n l e t   f i t t i n g   30  of  a  r e g u l a t i n g   and  b a l a n c i n g   v a l v e  

32,   and  o f f - o n   v a l v e   34  l o c a t e d   in   s u p p l y   l i n e   2 8 .  

V a l v e   32  i n c l u d e s   an  o u t l e t   f i t t i n g  3 6   w h i c h   i s  

c o n n e c t e d   to   an  i n j e c t i o n   l i n e   38  w h i c h   d e l i v e r s  a  

m e t e r e d   a m o u n t   of   g a s e o u s   f u e l   f r o m   v a l v e  3 2   i n t o   t h e  

i n t a k e   m a n i f o l d   24.  A c c o r d i n g   to   a n  a s p e c t   of  t h e  

i n v e n t i o n ,   s u c h   g a s e o u s   f u e l   i s   d i s c h a r g e d   a t   a  l o c a -  

t i o n   40  w h i c h   i s   g e n e r a l l y   b e l o w   and  to   t he   e n g i n e   w a l l  

s i d e   of  t h e   l o c a t i o n   w h e r e   t he   c a r b u r a t o r   12  d e l i v e r s  

a  f u e l   a i r   m i x t u r e   i n t o   t h e   i n t a k e   m a n i f o l d   w h e n  

g a s o l i n e   i s   b e i n g   b u r n e d   in  t h e   e n g i n e . .  



The  v a l v e   32  may  c o m p r i s e   a  two  p a r t   h o u s i n g   42,   44 

h a v i n g   f l a n g e s   46,   48  w h e r e   t h e   two  h o u s i n g   p a r t s   42,  44  

a r e   j o i n e d .   A  d i a p h r a g m   50  i s   l o c a t e d   w i t h i n   t h e   h o u s i n g  

and   i t   may  i n c l u d e   an  o u t e r   p e r i p h e r a l   p o r t i o n   52  w h i c h  

i s   c l a m p e d   b e t w e e n   t h e   f l a n g e s   46,   4 8 .  

As  s h o w n ,   d i a p h r a g m   50  and   w a l l   s e c t i o n   42  m a y  

t o g e t h e r   d e f i n e   a  c h a m b e r   54  w h i c h   i s   e s s e n t i a l l y   c l o s e d  

b u t   i n c l u d e s   an  i n l e t   o r i f i c e   56  and   an  o u t l e t   o r i f i c e   5 8 .  

An  i n l e t   v a l v e   member   60  i s   p i v o t l y   m o u n t e d   a t   6 2 ,  

a t   a  l o c a t i o n   o f f s e t   f r o m   t h e   i n l e t   o r i f i c e   56.  V a l v e  

m e m b e r   60  i n c l u d e s   a  c l o s u r e   p o r t i o n   64  w h i c h   e x t e n d s  

f r o m   t h e   p i v o t   p i n   62  o v e r   to   a  p o s i t i o n   o v e r   t h e   i n l e t  

o r i f i c e   56.  I t   a l s o   i n c l u d e s   a  c o n t r o l   arm  p o r t i o n   66 

w h i c h   p r o j e c t s   f rom  p i v o t   p i n   62  i n   t h e   o p p o s i t e   d i r e c t i o n  

and   e n g a g e s   a  p o s t   68  w h i c h   e x t e n d s   f r o m   t h e   c e n t e r   o f  

t h e   d i a p h r a g m   50  t o w a r d s   t h e   c e n t e r   70  of   h o u s i n g   p a r t  

42.   C e n t e r   p o r t i o n   70  i s   shown  t o   be  i n   cup  f o r m   a n d  

i s   shown   to   r e c e i v e   one  end  of   a  c o i l   s p r i n g   72.  T h e  

o p p o s i t e   end   of   c o i l   s p r i n g   72  e n g a g e s   t h e   l o w e r   ( a s  

p i c t u r e d )   end   of   p o s t   68.   The  p o s t   end   o f   c o n t r o l   a r m  

66  i s   f o r k e d   and  a  r e d u c e d   d i m e n s i o n   p o r t i o n   74  o f  

p o s t   68  i s   r e c e i v e d   w i t h i n   t h e   s p a c e   b e t w e e n   t h e   t w o  

s i d e   p a r t s   o f   t h e   f o r k .  

O r i f i c e   c o n t r o l   p o r t i o n   64  may  i n c l u d e   a  c l o s u r e  

p l u g   76  c o n s t r u c t e d   f r o m   s o f t   r u b b e r   o r   a  s i m i l a r  

m a t e r i a l .  

As  w i l l   be  a p p a r e n t ,   d o w n w a r d   (as   p i c t u r e d )   m o v e -  

m e n t   o f   d i a p h r a g m   50  w i l l   r e s u l t   in   an  u p w a r d   ( a s  



p i c t u r e d )   o r   o p e n i n g   m o v e m e n t   of   c l o s u r e   member   7 6 ,  

p e r m i t t i n g   f l o w   o f   gas   t h r o u g h   o r i f i c e   56  i n t o   c h a m b e r  

54.  Upward   (as   p i c t u r e d )   m o v e m e n t   o f   d i a p h r a g m   50  

w i l l   r e s u l t   in   a  c l o s i n g   m o v e m e n t   of   member   7 6 .  

V a l v e   32  i n c l u d e s   an  a c c e l e r a t o r   p e d a l   c o n t r o l l e d  

f l o w   c o n t r o l   v a l v e   78 ,   c o m p r i s i n g   a  r o t a r y   v a l v e   p l u g  

member   80  l o c a t e d   b e t w e e n   o u t l e t   o r i f i c e   58  and   o u t l e t  

f i t t i n g   36.  R o t a t i o n   of   member   80  c a u s e s   a  c h a n g e   i n  

t h e   a r e a   o f   an  o r i f i c e   82  d e f i n e d   i m m e d i a t e l y   d o w n -  

s t r e a m   of  m e m b e r   8 0 .  

A  c o n t r o l   r o d   84  w h i c h   moves   in   r e s p o n s e   to   m o v e -  

m e n t   o f   t h e   a c c e l e r a t o r   p e d a l   i s   s e c u r e d   to   t h e   c o n t r o l  

l e v e r   p o r t i o n   86  o f   v a l v e   78.   L e v e r   86  i s   p r o v i d e d  

w i t h   a  s l o t   88  w h i c h   r e c e i v e s   a  t h r e a d e d   s i d e   p i e c e   9 0  

on  c o n t r o l   r o d   84.   A  c l a m p   n u t   92  t h r e a d s   o n t o   s i d e  

p i e c e   90,  and   s e r v e s   to   s e c u r e   l i n k a g e   84  to   l e v e r   8 6 .  

As  w i l l   h e r e i n a f t e r   be  d e s c r i b e d   in   g r e a t e r   d e t a i l ,  

s l o t   88  p r o v i d e s   a  way  of   a d j u s t i n g   t h e   p o s i t i o n   o f  

v a l v e   member   80  r e l a t i v e   to   t h e   a c c e l e r a t o r   p e d a l  

( n o t   s h o w n ) .  

As  s h o w n ,   l e v e r . ; 8 6   may  i n c l u d e   a  s u p p o r t   s h e l f  

94  w h i c h   c o n t a i n s   an  i n t e r n a l l y   t h r e a d e d   o p e n i n g   f o r  

r e c e i v i n g   a  s t o p   b o l t   96.  A  c o m p r e s s i o n   s p r i n g   98  i s  

shown  l o c a t e d   b e t w e e n   s h e l f   94  and  t h e   h e a d   b o l t   9 6 .  

A  s c r e w d r i v e r ,   i s   u s e d   to  r o t a t e   b o l t   96  f o r   a d j u s t i n g  

t h e   p o s i t i o n   o f   i t s   end  100  r e l a t i v e  t o   t h e   o u t l e t  

f i t t i n g   36,  t o   p r o v i d e   a  way  of  l i m i t i n g   t h e   a m o u n t  

of   r o t a t i o n   o f   v a l v e   member  8 0 .  



As  shown,   t h e   s i d e   o f   d i a p h r a g m   50  o u t s i d e   o f  

c h a m b e r   52  i s   in  c o m m u n i c a t i o n   w i t h   a t m o s p h e r i c   p r e s s u r e ,  

s u c h   as  v i a   an  o p e n i n g   102  in   h o u s i n g   p a r t   4 4 .  

I t   i s   b e l i e v e d   t h a t   t h e   b e s t   l o c a t i o n   to  moun t   t h e  

v a l v e   32  i s   on  t h e   e n g i n e   as  c l o s e   as  p o s s i b l e   to   a  

p o s i t i o n   w h i c h   i s   v e r t i c a l l y   in  l i n e   w i t h   t h e   c a r b u r a t o r  

c o n t r o l   arm.   V a l v e   c o n t r o l   rod   84  i s   t h e n   c o n n e c t e d  

a t   i t s   end  o p p o s i t e   l e v e r   86  to   t h e   c a r b u r a t o r   c o n t r o l  

arm.   T h i s   p o s i t i o n   o f   m o u n t i n g   t h e   v a l v e   32  w i l l  

a s s u r e   t h a t   any  v i b r a t i o n   or   r a t t l i n g   of  t h e   e n g i n e  

w i l l   n o t   c a u s e   m o t i o n   w h i c h   w i l l   a d v e r s l y   a f f e c t  

o p e r a t i o n   of   t h e   v a l v e   3 2 .  

The  m a n n e r   of   c o n n e c t i n g   v a l v e   32  may  be  a s  

f o l l o w s .   The  v e h i c l e   e n g i n e   i s   f i r s t   r a n   on  g a s o l i n e  

to   warm  i t   up  u n t i l   t h e   a u t o m a t i c   c h o k e   o p e n s .   T h e n ,  

t h e   g a s o l i n e   l i n e   i s   c l o s e d   by  o p e r a t i o n   of  o f f - o n  

v a l v e   18.  The  e n g i n e   w i l l   c o n t i n u e   to   b u r n   g a s o l i n e  

u n t i l   a l l   of  t h e   g a s o l i n e   in  t h e   c a r b u r a t o r   i s  

c o m p l e t e l y   u s e d   up.   T h e n ,   t h e   u s e r   c o n n e c t s   t h e  

c o n t r o l   arm  84  to   t h e   a c c e l e r a t o r   l i n k a g e   and  p r e f e r a b l y  

to   t h e   c o n t r o l   arm  on  t h e   c a r b u r a t o r .  

The  f l o w   c o n t r o l   v a l v e   arm  86  i s   i n i t i a l l y   in   a  

down  p o s i t i o n   so  t h a t   t h e   v a l v e   80  i s   c l o s e d .   T h e n  

m o u t h   s u c t i o n   is   a p p l i e d   on  the   h o s e   38  and  a t   t h e  

same  t i m e   t h e   s c r e w   96  i s   r o t a t e d   f o r   t h e   p u r p o s e   o f  

s e t t i n g   the   c o n t r o l   v a l v e   80  to  a  s l i g h t l y   o p e n   o r  

a p p r o x i m a t e l y   i d l i n g   s p e e d   p o s i t i o n .   N e x t ,   t h e   l o w e r  

end  of   c o n d u i t   38  i s   p o s i t i o n e d  i n s i d e   t h e   i n t a k e  

m a n i f o l d   24,  s u b s t a n t i a l l y   i m m e d i a t e l y   b e l o w   t h e   o p e n -  



ing  l e a d i n g   f rom  t h e   c a r b u r a t o r   12,  on  t h e   e n g i n e   b l o c k  

s i d e   t h e r e o f .   T h i s   may  e a s i l y   be  done   by  i n s e r t i n g   a  

p i e c e   of   c o p p e r   p i p e   of  p r o p e r   l e n g t h   t h r o u g h   a  b r a s s  

n i p p l e   w h i c h   i s   a d a p t e d   to   t h r e a d   i n t o   an  o p e n i n g  

p r o v i d e d   in   t h e   m a n i f o l d   24,  s u c h   t h a t   when  t h e   n i p p l e  

is   t i g h t e n e d   t h e   i n n e r   end  of   t h e   c o p p e r   p i p e   i s  

p r o p e r l y   p l a c e d   b e l o w   t h e   o p e n i n g   l e a d i n g   f rom  t h e  

c a r b u r a t o r ,   to   t h e   e n g i n e   b l o c k   s i d e   of   t h e   i n t a k e  

m a n i f o l d .   A  s h o r t   l e n g t h   of  t h e   c o p p e r   p i p e   i s   a l l o w e d  

to  p r o j e c t   u p w a r d l y   t h r o u g h   t h e   n i p p l e ,   f o r   c o n n e c t i o n  

to  a  h o s e   w h i c h   f o r m s   t h e   r e m a i n i n g   p a r t   of  c o n d u i t   38  

l e a d i n g   f r o m   f i t t i n g   36  to   s u c h   p i e c e   of  c o p p e r   p i p e .  

The  g a s e o u s   f u e l   s t o r a g e   t a n k   26  may  be  l o c a t e d  

a t   any  c o n v e n i e n t   and  l e g a l   l o c a t i o n   w i t h i n   t h e  

v e h i c l e .   The  s u p p l y   c o n d u i t   28  i s   c o n n e c t e d   b e t w e e n  

s t o r a g e   t a n k   26  and  i n l e t   f i t t i n g   30.  A f t e r   s u c h  

i n s t a l l a t i o n   has   b e e n   a c c o m p l i s h e d ,   t h e   o f f - o n   v a l v e  

34  i s   o p e n e d ,   t h e   e n g i n e   i s   s t a r t e d   and  t he   a d j u s t i n g  

s c r e w   96  i s   t u r n e d   to   s e t   t h e   i d l i n g   p o s i t i o n   of   v a l v e  

80.  Then   t h e   c o n n e c t i o n   i s   m a d e  b e t w e e n  a r m   84  a n d  

l e v e r  8 6 ,   i . e .   t h e   n u t   92  i s   i n s t a l l e d   and  t i g h t e n e d .  

The  c o n n e c t i o n   a t   90,  9 2 , 8 6   p r o v i d e s   a  p i v o t a l  

c o n n e c t i o n .   The  f l o w   c o n t r o l   v a l v e   80  w i l l   r e g u l a t e   t h e  

amoun t   of   gas   n e e d e d   f o r   t h e   d i f f e r e n t   s i z e s   of   e n g i n e s .  

By  use   o f   t h e   s l o t   88  t he   f l o w   c o n t r o l   v a l v e   can   b e  

a d j u s t e d   n o t   to   open   c o m p l e t e l y   a t   maximum  r . p . m . ,   b u t  

o n l y   as  d e s i r e d   f o r   maximum  f u e l   e f f i c i e n c y   a t   any  s p e e d .  

The  d e s i r e d   maximum  open  p o s i t i o n   of  c o n t r o l   v a l v e   80  i s  



s e t   by  mov ing   member  90  in  p o s i t i o n   w i t h i n   t h e   a d j u s t -  

m e n t   s l o t   88  b e f o r e   t i g h t e n i n g   of   n u t   9 2 .  

The  s i z e   of  c o m p r e s s i o n   s p r i n g   72  i s   d e p e n d e n t   u p o n  

t h e   s t o r e d   p r e s s u r e   of  g a s   w i t h i n   t a n k   26.  Fo r   e x a m p l e ,  

in   an  i n s t a l l a t i o n   in   w h i c h   t h e   s t o r a g e   p r e s s u r e   w i t h i n  

t a n k   26  i s   a p p r o x i m a t e l y   200  PSI  gas   p r e s s u r e ,   t h e  

c o m p r e s s i o n   s p r i n g   72  s h o u l d   p r o v i d e   a b o u t   150  g r a m  

f o r c e .  

S t o r a g e   t a n k   20  d o e s   n o t   i n c l u d e   a  p r e s s u r e   r e d u c i n g  

v a l v e   in   i t s   o u t l e t .   As  a  r e s u l t   of   t h i s   f a c t ,   and  a t  

l e a s t   p a r t i a l l y   a l s o   due   to   t h e   r e l a t i v e l y   c l o s e   l o c a -  

t i o n   of  c h a m b e r   54  t o   t h e   m a n i f o l d   24,   no  i c i n g   o f  

f i t t i n g s   and  c o n d u i t s   was  e x p e r i e n c e d .  

The  o f f - o n   v a l v e s   18,   30  a r e   p r e f e r a b l y   r e a d i l y  

a v a i l a b l e   low  c o s t   v a l v e s   w h i c h   a r e   a d a p t e d   to   b e  

c o n t r o l l e d   by  m a n u a l   c h o k e   c a b l e s .  

In  use   of  t h e   s y s t e m   i t   is  i m p o r t a n t   when  s w i t c h -  

i n g   f rom  g a s o l i n e   to   g a s e o u s   f u e l   to   u s e   up  a l l   of   t h e  

g a s o l i n e   t h a t   r e m a i n s   i n   t h e   c a r b u r a t o r   b e f o r e   o p e n i n g  

t h e   g a s e o u s   f u e l   v a l v e   34.  I f   t h i s   i s   n o t   done   t h e  

e n g i n e   w i l l   r e c e i v e   b o t h   g a s e o u s   f u e l   and  g a s o l i n e  

a n d   w i l l   become  f l o o d e d .   When  s w i t c h i n g   f r o m   g a s e o u s  

f u e l   to  g a s o l i n e   i t   may  be  n e c e s s a r y   to   u s e   t h e   s t a r t e r  

o n c e   or  t w i c e   to  c a u s e   t h e   g a s o l i n e   pump  to   p u m p  

g a s o l i n e   i n t o   t h e   e m p t y   c a r b u r a t o r .  

P r o p e r   o p e r a t i o n   o f   v a l v e   32  w i l l   p r o d u c e   a  

f l u t t e r i n g   m o v e m e n t   o f   v a l v e   member  64,   76.   At  h i g h  

s p e e d s   " f l u t t e r i n g "   m o v e m e n t   w i l l   r e s u l t   in   a  r a t t l i n g  



s o u n d   i n s i d e   v a l v e   32  w h i c h   can  be  d e t e c t e d   by  u s e   o f  

a  l i s t e n i n g   d e v i c e ,   i n d i c a t i n g   p r o p e r   f u n c t i o n i n g   o f  

t h e   v a l v e .   G a s e o u s   f u e l   e n t e r i n g   c h a m b e r   54  t h r o u g h  

o r i f i c e   56  w i l l   i n c r e a s e   t h e   p r e s s u r e   w i t h i n   c h a m b e r  

54  w h i l e   a t   t h e   same  t i m e   t h e   v a c u u m   p r e s e n t   i n  

i n t a k e   m a n i f o l d   24,   c o m m u n i c a t e d   w i t h   c h a m b e r   54  v i a  

c o n d u i t   34,  i n l e t   f i t t i n g   36,  t h e   v a l v e   p o r t   in   v a l v e  

80  and  t h e   o r i f i c e   58  w i l l   t e n d   to   l o w e r   t h e   p r e s s u r e  

w i t h i n   c h a m b e r   54.  D i a p h r a g m   50  w i l l   be  c o n s t a n t l y  

m o v i n g   in   r e s p o n s e   t o   t h e   p r e s s u r e   and  v a c u u m   f o r c e s  

and   as  i t   moves   i t   w i l l   c a u s e   a  c l o s u r e   e l e m e n t   6 4 ,  

70  to   " f l u t t e r "   as  t h e y   p e r f o r m   to   r e g u l a t e   t h e   f l o w  

of   g a s e o u s   f u e l   i n t o   and   t h r o u g h   t h e   v a l v e   3 2 .  

V a l v e   32  i s   s e l f   r e g u l a t i n g  a n d   s e l f   b a l a n c i n g   and  t h i s  

means   t h a t   v a l v e   32  w i l l   d e l i v e r   t h e   d e s i r e d   p r e s s u r e  

of   gas   r e g a r d l e s s   of   t h e   s u p p l y   p r e s s u r e   in   t a n k   2 6 .  

V a l v e   32  e l i m i n a t e s   t h e   n e e d   of  a  p r e s s u r e   r e g u l a t i n g  

v a l v e   i n   t h e   o u t l e t   o f   t a n k   26  and  t h e   a s s o c i a t e d  

p r o b l e m   of   i c i n g   c a u s e d   by  d e c o m p r e s s i o n .   E x p a n s i o n  

t h r o u g h   t h e   s m a l l   o r i f i c e   of   a  p r e s s u r e   r e g u l a t o r  

v a l v e   r e s u l t s   in   a  d e c r e a s e   i n   t e m p e r a t u r e   o f   t h e   g a s  

to   a  l e v e l   a t   w h i c h   t h e   gas   f r e e z e s   s o l i d .   S e l f  

r e g u l a t i n g   means   t h a t   t h e   v a l v e   32  w i l l   a l w a y s   d e l i v e r  

t h e   d e s i r e d   q u a n t i t y   of   gas   d e t e r m i n e d   by  t h e   s e t t i n g  

of   f l o w   c o n t r o l   v a l v e   8 0 .  



1.  Fo r   i n s t a l l a t i o n   in   a  g a s e o u s   f u e l   s u p p l y   l i n e  

l e a d i n g   f r o m   a  g a s e o u s   f u e l   s t o r a g e   c o n t a i n e r   to   t h e  

i n t a k e   m a n i f o l d   of   a  f u e l   b u r n i n g   e n g i n e ,   a  r e g u l a t i n g  

and  b a l a n c i n g   g a s   v a l v e   c o m p r i s i n g :  

h o u s i n g   m e a n s   d e f i n i n g   a  c o m p a r t m e n t ,   a  d i a p h r a g m  

w i t h i n   s a i d   c o m p a r t m e n t   d e f i n i n g   o n e  w a l l  o f  a   c h a m b e r ,  

w i t h   s a i d   h o u s i n g   means   d e f i n i n g   t h e   r e m a i n i n g   b o u n d -  

a r i e s   of  s u c h   c h a m b e r ,   w i t h   t h e   s i d e   of  t h e   d i a p h r a g m  

o p p o s i t e   t h e   c h a m b e r   b e i n g   in   c o m m u n i c a t i o n   w i t h   a t m o s -  

p h e r i c   p r e s s u r e ,  

a  g a s   i n l e t   i n t o   s a i d   c h a m b e r ,   a d a p t e d   f o r   c o n n e c -  

t i o n   w i t h   a  c o n d u i t   l e a d i n g   f r o m   a  g a s e o u s   f u e l   s t o r a g e  

c o n t a i n e r ,  

an  o u t l e t   f r om  s a i d   c h a m b e r   a d a p t e d   f o r   c o n n e c t i o n  

to  t h e   i n t a k e   m a n i f o l d   of  an  e n g i n e ,  

an  a c c e l e r a t o r   p e d a l   c o n t r o l l e d   v a l v e   in  s a i d   o u t -  

l e t ,   f o r   v a r y i n g   t h e   f l ow  r a t e   of   g a s e o u s   f u e l   f r o m  

s a i d   c h a m b e r   i n   r e s p o n s e   to   t h e   p o s i t i o n   of   t h e   a c c e l e r -  

a t o r   p e d a l ,  

i n l e t   v a l v e   means   f o r   c o n t r o l l i n g   t h e   f l o w   o f  

g a s e o u s   f u e l   t h r o u g h   s a i d   i n l e t   i n t o   s a i d   c h a m b e r ,  

i n c l u d i n g   c o n t r o l   means  i n t e r c o n n e c t e d   b e t w e e n   t h e  

d i a p h r a g m   and  s a i d   i n l e t   v a l v e   m e a n s ,   o p e r a b l e   to   o p e n  

or   i n c r e a s e   t h e   s i z e   of  t h e   i n l e t   in  r e s p o n s e   to  i n w a r d  

m o v e m e n t   of   s a i d   d i a p h r a g m ,   and  to   d e c r e a s e   or   c l o s e   t h e  

i n l e t   in   r e s p o n s e   to  o u t w a r d   m o v e m e n t   of  s a i d   d i a p h r a g m .  



2.  A  g a s e o u s   f u e l   s u p p l y   l i n e   l e a d i n g   f r o m   a  

g a s e o u s   f u e l   s t o r a g e   c o n t a i n e r   to  t h e   i n t a k e   m a i n f o l d  

of   a  f u e l   b u r n i n g   e n g i n e ,  a n d  

a  r e g u l a t i n g   and  b a l a n c i n g   gas   v a l v e   in  s a i d  

l i n e   c o m p r i s i n g :  

h o u s i n g   means   d e f i n i n g   a  c o m p a r t m e n t ,   a  d i a p h r a g m  

w i t h i n   s a i d   c o m p a r t m e n t   d e f i n i n g   one  w a l l   o f   a  c h a m b e r ,  

w i t h   s a i d   h o u s i n g   means   d e f i n i n g   t h e   r e m a i n i n g   b o u n d -  

a r i e s   of   s u c h   c h a m b e r ,   w i t h   t h e   s i d e   of   t h e   d i a p h r a g m  

o p p o s i t e   t h e   c h a m b e r   b e i n g   in  c o m m u n i c a t i o n   w i t h   a t m o s -  

p h e r i c   p r e s s u r e ,  

a  gas   i n l e t   i n t o   s a i d   c h a m b e r ,   a d a p t e d   f o r   c o n n e c -  

t i o n   w i t h   a  c o n d u i t   l e a d i n g   f rom  a  g a s e o u s   f u e l   s t o r a g e  

c o n t a i n e r ,  

an  o u t l e t   f rom  s a i d   c h a m b e r   a d a p t e d   f o r   c o n n e c t i o n  

to   t h e   i n t a k e   m a n i f o l d   of  an  e n g i n e ,  

an  a c c e l e r a t o r   p e d a l   c o n t r o l l e d   v a l v e   in   s a i d   o u t -  

l e t ,   f o r   v a r y i n g   t h e   f l o w   r a t e   of  g a s e o u s   f u e l   f r o m  

s a i d   c h a m b e r   in   r e s p o n s e   to   t he   p o s i t i o n   of   t h e   a c c e l e r -  

a t o r   p e d a l ,  

i n l e t   v a l v e   means   f o r   c o n t r o l l i n g   t h e   f l o w   o f  

g a s e o u s   f u e l   t h r o u g h   s a i d   i n l e t   i n t o   s a i d   c h a m b e r ,  

i n c l u d i n g   c o n t r o l   means   i n t e r c o n n e c t e d   b e t w e e n   t h e  

d i a p h r a g m   and  s a i d   i n l e t   v a l v e   m e a n s ,   o p e r a b l e   to  o p e n  

or   i n c r e a s e   the   s i z e   of  the   i n l e t   in  r e s p o n s e   to  i n w a r d  

m o v e m e n t   of   s a i d   d i a p h r a g m ,   and  to  d e c r e a s e   or   c l o s e   t h e  

i n l e t   in   r e s p o n s e   to  o u t w a r d   m o v e m e n t   of   s a i d   d i a p h r a g m .  



3.  A  m e t h o d   of   b u r n i n g   g a s e o u s   f u e l   in  a  f u e l  

b u r n i n g   e n g i n e   w h i c h   i s   a l s o   a d a p t e d   to   b u r n   l i q u i d   f u e l ,  

and   w h i c h   i n c l u d e s   means   f o r   d i s p e r s i n g   t h e   l i q u i d   f u e l ,  

m i x i n g   i t   w i t h   a i r ,   and  i n t r o d u c i n g   s u c h   m i x t u r e   i n t o  

t h e   i n t a k e   m a n i f o l d   of   t h e   e n g i n e ,   c o m p r i s i n g :  

s t o r i n g   t h e   g a s e o u s   f u e l   w i t h i n   a  s t o r a g e   t a n k ;  

when  i t   i s   d e s i r e d   to   b u r n   g a s e o u s   f u e l ,   c l o s i n g  

a  v a l v e   in   t h e   l i q u i d   f u e l   s y s t e m   l e a d i n g   to  t he   i n t a k e  

m a n i f o l d ,   and  o p e n i n g   a  v a l v e   in   t h e   g a s e o u s   f u e l   s y s t e m ,  

to   a l l o w   g a s e o u s   f u e l   to   f l o w   o u t   f r o m   s u c h   s t o r a g e   t a n k ;  

i n t r o d u c i n g   s u c h   g a s e o u s   f u e l   i n t o   an  i n l e t   of   a  

c h a m b e r   w h i c h   i s   b o u n d e d   on  one  s i d e   by  a  d i a p h r a g m  

and   on  i t s   o t h e r   s i d e s   by  r i g i d   w a l l   m e a n s ,   and  w h i c h  

i n c l u d e s   an  o u t l e t ;  

s u b j e c t i n g   t h e   o p p o s i t e   s i d e   of   t h e   d i a p h r a g m   t o  

a t m o s p h e r i c   p r e s s u r e ;  

l o c a t i n g   a  c o n t r o l   v a l v e   in  s u c h   o u t l e t ,   a n d  

c o n n e c t i n g   s u c h   c o n t r o l   v a l v e   to   t h e   a c c e l e r a t o r   p e d a l  

of   t h e   e n g i n e ,   so  t h a t   m o v e m e n t   o f   s u c h   a c c e l e r a t o r  

p e d a l   w i l l   r e s u l t   in   m o v e m e n t   of   s u c h   c o n t r o l   v a l v e ,   t o  

c o n t r o l   t h e   f l o w   r a t e   of  g a s e o u s   f u e l   o u t   f rom  s u c h  

c h a m b e r ;   . 

u t i l i z i n g   m o v e m e n t   of  s u c h   d i a p h r a g m   to  c o n t r o l  

t h e   f l o w   of  g a s e o u s   f u e l   t h r o u g h   s u c h   i n l e t ,   so  t h a t  

a  d e c r e a s e   of  p r e s s u r e   w i t h i n   s u c h   c h a m b e r   w i l l   c a u s e  

an  i n c r e a s e   in  t he   s i z e   of  t h e   i n l e t   and  an  i n c r e a s e  

of   p r e s s u r e   w i t h i n   s u c h   c h a m b e r   w i l l   c a u s e   a  d e c r e a s e  

i n   t h e   s i z e   of   s u c h   i n l e t ;   a n d  



d e l i v e r i n g   g a s e o u s   f u e l   f rom  such   o u t l e t   i n t o   t h e  

i n t a k e   m a n i f o l d   and  i n j e c t i n g   i t   i n t o   s u c h   m a n i f o l d  

s u b s t a n t i a l l y   a t   t h e   l o c a t i o n   of  d i s c h a r g e   of   f u e l   a n d  

a i r   i n t o   t h e   i n t a k e   m a n i f o l d   when  t he   e n g i n e   i s   b e i n g  

o p e r a t e d   on  l i q u i d   f u e l .  
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